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The title of the invention has been amended (Guidelines for Examination in the EPO, A-lll, 7.3). 

@ Biocompatible elastomeric intervertebral disc. 

(g) The construction and manufacture technique for a func- 
tional biocompatible intervertebral disc spacer is described. 
This device Is useful for a replacement for a degenerated disc in 
certain treatments of back pain and spinal disease. The disc 
spacer possesses mechanical properties akin to those of the 
normal disc and will preserve normal functions of the spinal 
motion segment. The device achieves the desired properties by 
varying the hardness of the elastomeric material, in its nucleous 
and annulus. 
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Description 

FUNCTIONAL AND BIOCOMPATIBLE INTERVERTEBRAL DISC SPACER CONTAINING ELASTOMERIC 

MATERIAL OF VARYING HARDNESS 

The intervertebral disc is a complex joint anatomically and functionally. It is composed of three component 
structures the nucleus pulposus. the annulus fibrosus and the vertebral endplates. The biomedical 
Si^rTtorrtcJ arrangements within these component structures are re.ated to the 

biomechanical function of the disc. , 

The nucleus pulposus occupies 25-40 percent of the total disc cross-sect.onal are* It ^composed mamly 
of mucoid material containing mainly proteoglycans wtth a small amount of "J^JjJ 
constituents the nucleus pulposus has the capacity to bind water and usually contains 70-90 percent water oy 
SSS iSuslSf Sis hiSh water content, the nucleus may be mechanically described as an 'ncom^ble 
hSostatic material. The disc is under constant compressive forces even when the spine is not weight beanng 
as a result of the tension applied by the annulus fibrosus and the intervertebral ligaments. 

The annutus flbrosus is a concentrically laminated structure which contains highly aligned collagen fibers 
and fibrocartilage embedded in amorphous ground substance. The annular layers are onented at ± 30 
decrees to the longitudinal axis of the spine. In the inner laminae, these annular layers are anchored to the 

tSSS^SSi^ the oute ™ ost ,a * er is attaChSd direc ^r° the ° SS t eOUS ^n wntohTsTbo^ 
body. Usually, the annulus fibrosus has approximately 8-12 layers and has an an ^nor portion which ^^is about 
12 15 times thicker than its posterior region. Mechanically, the annulus fibrosus is the main stabilizing 
stmcfi^^ and bending forces applied to the disc. A normal isolated d.sc provides 

approximately 35 percent of the torsional rigidity of a whole intervertebral joint. „, iaM(nt 
TZ vertebral endplates are composed of hyaline cartilage and separate the disc from the adjacent 
vertebra, bodies. This layer acts as a transitional zone between the hard, bony vertebral bod.es and the softer 

d ' The spinal disc may be displaced or damaged due to trauma or a disease process. If this occurs, the nucleus 
pulsus may heSe and protrude into the vertebral canal or intervertebral I foramen • which case 'ns 
known as a herniated or "slipped" disc. This disc may in turn press upon the spinal nerve that exrts the 
Sebra. canal through the partly obstructed foramen, causing pain or paralysis in tt» . area of rts sttbut on^ 
Tne most frequent site of occurrence of a herniated disc is in the lower lumbar region. A disc hernia hon m this 
area often involves the inferior extremities by compressing the sciatic nerve To dl^^T^umSltf 
be necessary to remove the involved disc surgically and fuse the two adjacent v^ebrae. A number of 
orocedures have been identified and are described in the orthopaedic literature. One such is _des°nbed I in 
? 0*oSs-Princbles and Their Application". Samuel L Turek, M.D., Lippincott Company, Third Edrtion 
tJTSSSwin thfe procedure, a hole is drilled in the spinal column straddling the damaged disc space * and the 
^o adiacen vertebral bodies. The hole is then filled with a cylindrical plug or dowel in order to juse he 
Sebl?e toaether The fusion procedure is an excellent method of eliminating symptoms and yet maintaining 
SfsSnSf K at the expense of total loss of motion of the fused vertebral joint and 'greased stress in the 
Ea ofad acen segments. The adjacent discs will have increased motion and ^*"°«» "JjJ 
sWness o the fused segment. In the long term, this change in the mechanics of the motion of he spne 
causefthese advent dies to degenerate Obviously, a more desirable situation wou d involve replacing he 
SSS?3Io suitable biofunctional equivaient so as to return the V^^^SSS^ 

Heretofore, the development of a prosthetic joint device to replace the injured intervertebral d'^hasbeen 
unsuccessful due to the complexity of the structure and biomechanics of the normal d.sc. About 200,000 d.sc 
excision surgeries are performed in the United States each year. n -t«„* w« s RR7 728 

Other spacers for spina, repair have been deve.oped; see for Instance those i of -UA\ MM No 3.867,728, 
U S Patent No 4 309 777 U.S. Patent No. 4,349,921, U.S. Patent No. 4.553,272 and U.S. Patent 4./i4.*ba. 
L^Sm been commercially developed. The prostheses of U.S. Patent No^WJWM. 
4 wSzSSi 14 714 469 are essentially rigid bodies which serve to stabilize the spine but do not allow mot.on 
wUnfnlhe dtec itself ' U S Patent No. 4.309.777 consists of a disc which allows motion, but this is achieved by 
Ke use of tSS!!oisS^ the' body of the disc. This system suffers from the disadvantage of extreme 

discloses a device which replaces the natural ^ 0 of 
simiiS shape and strength. The disc may be constructed from an elastic polymer .cone and 

reinforced with fabric. The top and bottom surfaces may be provided wrth an t *£J^™™J£^£ 

55 velour to encourage tissue ingrowth. The purpose of this invention is to prov.de a ^tem capabte ot 
withstanding the loads imposed upon it during normal human activit.es. As a result, the preferred construct.cn 
of the disc provides for reinforcement against only compress.onal loads successful any 

in practice, the spine is subjected to both compress.onal and torsional load.ng and to be s ucces stui any 
device must be capable of withstanding both forms. In addition to strength any pr°sthet.c *'*L72tnfn tne 

60 elastically in a simHar manner to the natural structure in order that _ normal stresses « r °"*^^^ 
adjacent vertebral bodies. If too stiff a structure is used, then the d.sc will deform too little, and ^the i natu rai 
discs both superior and inferior to the prosthetic device will be required to deform excessive.y. Th.s .3 a similar 
situation to that which occurs when bony fusion across the disc is employea. 
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If on the other hand, the device possesses too little stiffness, either in compression or torsion, then 
excessive motion wToccur. the device will bulge out and pain may result. This is an equ.valent sjtuat.on to a 
Sled ^bonv fuston U.S. Patent No. 3,867,728 describes a device which is concerned only with the ultimate 
sT enqtt and not with any elastic properties. Therefore, the reinforcement of the elastomer through a fabric 
faver Ssults only in an increase in compression^ strength and fails to address the equally important problem 
oTeTaSy ^compression and torsion. The fabric disclosed by U.S. Patent No. 3 867 728 does not possess 
the necessary correct construction to provide the desired function* character* ,ea As a result, the 
prosthesis of U.S. Patent No. 3.867,728 fails to satisfy functional cntena for a replacement disc. 

OBJECTS OF THE INVENTION 

It is the object of the present invention to provide a novel intervertebral disc spacer which can be _ used I to 
replace a damaged or diseased disc with a device that is chemically, geometncally and mechan.cally 
biocompatible and can be used to replace the natural structure. a „H 

It is a further object of this invention to provide a novel method of manufactunng a functional and 
biocompatible intervertebral disc spacer having similar or equivalent biomechanics! properties to those of a 

"Tea's' further object of the present invention to provide a novel method of alleviating the pain and/or 
paralyse of a damaged or diseased disc which comprises replacing the damaged or d.seased d.sc wrth a 
functional and biocompatible intervertebral disc spacer. 

SUMMARY OF THE INVENTION 

The Dresent invention relates to a novel functional and biocompatible intervertebral disc spacer, its method 
of mXfactu^^ ^and methods of use therefor. More particularly, the present invention concerns , . «.oruJ 
and^ocompatible intervertebral disc spacer having biomechanical properties similar or equivalent to those of 
a normal disc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a view in perspective of a spinal disc spacer manufactured according to the present 

'"rQURE 2 is a top view of a spinal disc spacer manufactured according to the prese rt invention 

FIGURE 3 is a cross-section view through the center of a spinal disc spacer manufactured according to 

^^^"3 graph showing the results of the mechanical behavior of a disc spacer produced 
according to the present invention compared to a natural disc in the axial compression test. 

FIGURE 5 is a graph showing the results of the mechanical behavior of a d.sc spacer produced 
according to the present invention compared to a natural disc in the compression torsion test. 

DETAILED DESCRIPTION OF THE INVENTION 

The functional and biocompatible intervertebral spacer of the present ^^^^^^^^^ 
of a soft biocompatible elastomer shaped and sized so as to approximate the shape and size of a nucleus 
PUlposus of a natural intervertebral disc; an outer ring 4 of stiffer elastomeric ma enal 

core to approximate the size and shape of a natural annulus fibrosus; and endplates 8 and 10 comprised of a 
Sitabhr s^m biocompatible material and affixed, one to each end, to the outer ring/central core, to , a , preferred 
Sodiment he core 2 will consist of 20-500/o of the area of the spacer, and the outer ring 4 w.l consis .of 
M-8?CoHhe area of the spacer. The relative size of the central core and the thickness of the outer nngm he 
radial direction, as well as the selection of material hardness, can be varied in order to more finely match the 
mechanical properties of the composite prosthesis to that of the normal disc. w^mn-tihte 
The elastomeric material utilized in the core 2 and outer ring 4 is any appropriate biocompatible 
then^optsic ^rteriT. The hardness of the material each component part of the prosthesis* > chosen „ 
SatThe composite prosthesis will reproduce the mechanical properties of the natural disc rt , 'designed to 
reolace Preferably the elastomeric material or materials utilized for the core 2 w.11 have a hardness in the 
Xe of £-70 shore-A T?e elastomeric materia, or materials utilized for the outer ring 4 will pre^Jy have 
hardnesses in the range of 40-80 shore-A. The outer ring 4 may be composed of one or as many as ; fi ^ve layers 
of elastomers of varying hardness. Preferably, however, the outer ring 4 contains one or three layers of 
eLstome^of varying harness. The central core 2 may likewise contain 1-5 layers of elastomers of varyng 
hardness, but 1-2 layers are preferred. 
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The biocompatible elastomeric material utilized in the present invention may be any suitable thermoplastic 
! t l ^, t °T e " c ma terlal. Suitable thermoplastic elastomers are those commercially available under the trademark 
C-Flex® (Concept, Inc.) or Pellethane® (DOW Chemical). A preferred thermoplastic elastomer for use in the 
present invention is a biocompatible polysiloxane modified styrene-ethylene/butylene (SEBS) block 
copolymer sold by Concept Polymer Technologies, Inc.. Clearwater, FL under the C-Flex® trademark. These 
elastomers are available or can be formulated so as to form final products of varying stiffness. Although the 
present invention preferably utilizes the same elastomeric material in various degrees of stiffness for the 
various components of its disc spacer, it may also utilize different elastomeric materials for the various parts 
and various layers thereof. 

In highly preferred embodiments of the present invention, the elastomeric material, relative areas and 
number of layers are chosen so as to afford a spacer having a mean axial stiffness of 1000-3500 newtons/mm 
and a mean torsional stiffness of 0.8-3.0 Nm/degree. Most preferably, a spacer will possess a mean axial 
stiffness of 2000-3000 newtons/mm and a mean torsional stiffness of 1-2 Nm/degree. These criteria afford a 
spacer with properties close to that of the human lumbar disc. 

,JJlt, en *£! a u 6S 8 and 1 ?. f0r USe in the spacer of the P resent invention can be manufactured from a variety of 
suitably stiff biocompatible materials; including more rigid elastomers of the same type as used in the disc 
itself. The suitably stiff endplate material must be relatively rigid and able to endure the biomechanics stresses 
placed upon it in the joint. Typically, the endplates are formed from rigid substances such as a biocompatible 
metal, for instance, precut titanium discs, and/or formed in a mold from biocompatible thermoplastic or 
tnermoset resins, such as a polyurethane elastomer having a hardness of about 90-100 shore-A 

The endplates may also incorporate a mechanism for attachment to adjacent bony vertebral bodies Such 
mechanisms include, but are not limited to, mechanical interlock, factional fit, ingrowth into a porous structure 

f 3 3 , ?° r ?." S sintered surface « hydroxyapatite coatings or cementing agents such as polymethyl 
methylacrylate bone cement." ' 

25 The method of manufacture of the spacer of the present invention involves injection, transfer or 
compression molding of the core and outer wrapping. 

Typical molding or casting techniques can be used to form polymer endplates. Metallurgical techniques can 
be used to form metal endplates. Both metal endplates and polymer endplates may have porous surfaces or 
hydroxyapatite surfaces to aid in attachment to adjacent bony vertebral bodies. These surfaces may be porous 
30 metallic or polymeric sintered surfaces, and would be used with bone cement. 

The assembly of the spacer typically begins with the formation of a suitably shaped and sized core formed of 
the elastomer material. A preset amount of the powdered elastomer is compacted into a female mold of 
appropriate cross section and thickness. The filled mold with the male portion inserted is placed between 
thermal platens within a compression ram and then compressed. The pressure is then reduced The 
temperature is increased until the melt temperature of the material is reached. The core may be held at an 
elevated temperature to facilitate bonding. This melt temperature is dependent upon the hardness and type of 
the chosen elastomeric material. The part is cooled to room temperature, and the nucleus is unmolded and anv 
flash removed. 

Next, the outer ring (annulus) is molded. The premolded nucleus is secured to the center of the bottom of 
the annular mold with a drop of adhesive. A preset amount of annular material, depending on the size of the 
annulus, is compacted by hand around the nucleus. Again, the male portion of the mold is positioned, and the 
pressure raised to approximately 1000 lbs. and then reduced and held at approximately 500 lbs The 
temperature is then elevated to the temperature of the melting point of the annular material. The part may be 
held at an elevated temperature to facilitate bonding. The part is then cooled to room temperature 
decompressed, unmolded and removed of any flash. If the outer ring (annulus) consists of more than one layer 
of elastomer, the varying layers of elastomers are molded to the core in a stepwise fashion, working from the 
core to the outer edge of the spacer. 

The endplates 8 and 10 may be applied with additional elastomer to the top and bottom of the 
annulus/nucleus assembly. Alternatively, a preset amount of elastomeric endplate material can be placed on 
the bottom surface of the appropriate mold in a uniform layer. The annulus/nucleus is placed on top of the 
endp ate material Another uniform layer of material is placed on the top and compacted to form the second 
endplate. The male mold is positioned and the pressure and temperature cycles similar to that used for the 
previous molding steps is performed with the mold temperature raised to the temperature of the melting point 
of the endplate material. The part may be held at an elevated temperature to facilitate bonding. This type of 
55 assembly results in molded endplates. 

Lastly, a porous layer of either hydroxylapatite or polymeric material can optionally be added to the outer 
surfaces of the endplates. The hydroxylapatite may be attached to the endplates by spreading a uniform layer 
of hydroxylapatite particles on a heated surface. The temperature of the particles is raised to the melt 
cn !f m P era , ture 4 ° f * he endplate material and the flat surface of each endplate is pressed into the heated 
60 hydroxylapatite A porous polymeric surface can be achieved by a process of sintering polymeric particulate to 
the surface or by including particles in the surface which are later dissolved in a separate process leavinq 
behind controlled porosity. 
Additionally, the endplates can be molded so as to provide for a mechanical interlock with the adjacent bone 
a« fhf =h B ' 7 T** ^ subsequently "roughened" so as to provide a surface appropriate for attachment to 
65 the adjacent bones with polymethyl methacrylate bone cement. 
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Typically, molds are utilized to manufacture spacers having a geometry consistent with that of a natural disc. 
Although the disc size can, of course, be varied, a suitable size for the spacer is one having a cross section 
area of 1100 mm 2 a major diameter of 44 mm and a minor diameter of 30 mm. 

Th , presentTventfon contemplates manufacture of the spacers in a variety of sizes since one size ,s not 
suSble'for at I peopte or all locations within the spine. Additionally, the spacer of the Present™ can , be 
sized so that its total diameter is smaller than that of a natural disc, i.e., a s,ze ^.ch approx.mates 30-800^ o 
ttfe diameter of the natural disc. This size of spacer can then be utilized in cases where only a central part of 
he nSJra disc Sremoved and replaced. In such cases, the damaged or diseased central portion is replaced 
i spS of ^proximately the same size as the portion removed. This type > of replacement « > Pearly 
advantageous since the healthy portion of a patient's disc is retained. Obv,ously molds can be ^toped for 
the various sizes necessary, and it is envisioned that the disc spacer of this invention will be manufactured .n a 
variety of sizes so as to make the necessary selection available to the treating physician. 

^following examples, and specifically Examples 1 and 2, illustrate the preparation andmechanica^ teshng 
of a disc prosthesis of the present invention. Example 3 presents in vivo analysis of a prosthesis prepared with 
a hydroxylapatite coating thereon. 



EXAMPLE 1 



The assembly of the spacer begins with the formation of a suitably shaped and sized c °^^ e ^ ° f , th o e f 
„,',!„..,. material A Dreset amount of the powdered elastomer is compacted into a female mold of 
iS^e^aein^S*^ The filled mold with the male portion inserted is ; placed between 
Thermal platens within a compression ram. The mold is first compressed with an approximately 1000 lb toad 
The pressure is then reduced and held at approximately 500 lbs. The temperatureis '"creased at a rate >o\ f 5 
degrees Celsius per minute until the melt temperature of the material is reached. The core may be > heldat an 
eTevalcd temperature to facilitate bonding. This melt temperature is dependent upon the r^dness^d type of 
the chosen eLton^nc material. The part is cooled to room temperature, and the nucleus ,s unmolded and any 

^ThJouSlng (annulus) is molded next. The premolded nucleus is secured to the center of the bottorn , of 
the annular mold with a drop of adhesive. A preset amount of annular material^ depending «r »e*ze of he 
annulus is compacted by hand around the nucleus. Again, the male portion of the mold s posit ioned nd the 
Pressure raised to approximately 1000 lbs. and then reduced and held at approximately 500 lbs The 
femperlre is then elevated at 5 deg. C/min. to the temperature of the melting point of the annular matenaL 
The part may be held at an elevated temperature to facilitate bonding. The part is then cooled to room 
temperature, decompressed, unmolded and removed of any flash. ... „, » hQ , nn anri 

Kthe endplates are separately manufactured, they are applied with additonal elastomer the top and 
bonom of the assembled' annuL/nucleus. Alternately, the endplates ^J 3 * £^ 
core-outer ring assembly. A preset amount of endplate material is placed on the bottom surface .of the 
^propriaJe mold in a uniform layer. The annulus/nucleus is placed on top of the endplate ^ten^Ano her 
unSorm layer of material is placed on the top and compacted to form the second endplate. The ^ male mold is 
positioned" and the pressure and temperature cycles similar to that used for ^.^^^SS^Su 
performed with the mold temperature raised to the temperature of the melting point of the endplate material. 
The part may be held at an elevated temperature to facilitate bonding. 

Lastly a porous layer of either hydroxylapatite or polymeric material can optionally be added to >ttie outer 
surfaces of the endplates. The hydroxylapatite may be attached to the endplates by spreading a uniform layer 
of hydroxylapltfte particles on a heated surface. The temperature of the particles is raised to 1 hemett 
temperature of the endplate material and the flat surface of each endplate is pressed into the heated 
hy7oXpa«te. A porous polymeric surface can be achieved by a process of sintering polymenc P^-cu^te to 
the suXce or by including particles in the surface which are later dissolved in a separate process leaving 
behind controlled porosity. 



EXAMPLE 2 



Mechanical Testing 

Both compression and torsion/compression tests were conducted. Many different compositions of 
prosthetic h*ve been manufactured and mechanically tested. The devices tested ih compression were 
axially loaded at a rate of 200N/min. up to maximum load of 900N. Axial stiffness was measured between loads 
of So and 800 N. The torsion/compression tests were conducted with an axial compression load of 80C N I and 
torqued at a rate of 2 Nm/s to a maximum rotation of 3 degrees. Torsional stiffness was measured between 1 .5 
and 2.5 degrees. 
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Single Component Discs 

A series of discs were manufactured from single hardness compositions of C-Flex®. The compressive and 
torsional properties of these discs are listed in Table I together with data from testing of human normal discs 
from the L4-L5 level. 
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Table I 

Mechanical Properties of Single Component Disc 
Prostheses ~ ~" ~~ 



Disc Material 



Mean Axial 
Stiffness 
(±SD) 
(N/mm) 



Mean Torsional 
Stiffness 
(±SD) 
(Nm/deg) 



35A C-Flex® 387 (±3) 0.16 (NA) 

50A C-Flex® 612 (±44) 0.39 (NA) 

70A C-Flex® 1697 (±105) 0.64 (NA) 

90A C-Flex® 3937 (±146) 3.92 (NA) 

HUMAN 1328 (±241) 2.06 (NA) 

NA = Not Available 



These data serve to indicate that matching the combination of both compressive and torsional stiffnesses 
25 with a single grade of elastomer is not possible. If a hard grade of C-Flex® such as 90A, is used, torsional 
properties may be matched but an excessively stiff system in compression is produced. Conversely, if a softer 
elastomer such as 70A is used, then the compressive stiffness is closer to that desired, however, the torsional 
stiffness is much lower. 
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Multi-Component Devices 

In order to overcome the deficits outlined above, a series of prostheses were manufactured having 
compositions as fisted in Table II. Their resultant compressive and torsional properties are listed in Table III. 



Disc Type 

I 
II 

111 
IV 



Table II 

Disc Prosthesis Compositions 



Nucleus Material 

35A C-Flex® 
50A C-Flex® 
35A C-Flex® 
35A C-Flex® 



Nucleus Area 



Annulus Material Endplate Material 



430/o 
430/o 
350/0 
430/o 



70A C-Flex® 
70A C-Flex® 
70A C-Flex® 
50A C-Flex® 



90A C-Flex® 
90A C-Flex® 
90A C-Flex® 
90A OFlex® 



45 



55 



60 



Table 111 

Mechanical Properties of Muiticomponent Disc 
Prostheses 



50 Disc Type 



I 

II 
III 
IV 

HUMAN 
NA - 



Mean Axial Mean Torsional 



Stiffness 
(±SD) 
(N/mm) 



Stiffness 
(±SD) 
(Nm/deg) 



1923 (±226) 1.01 (±.06) 

2270 (± 17) 1.00 (±.07) 

2953 (± 81) 1.26 (±.04) 

1008 (± 55) 0.40 (±.00) 

1328 (±241) 2.06 (NA) 

Not Available, Human Disc Level: (L4-L5) 



The data show that by changing the various hardnesses and relative sizes of the annulus and nucleus that 
the mechanical properties of the disc prosthesis may be altered. The size and hardness of the nucleus 
65 dominate the properties in axial compression while the size and hardness of the annulus dominate the 
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properties in torsion. In addition, the properties of the human normal disc are within range of the properties 
attainable with C-Flex® for axial compression. The values for torsion appear low; however, in many cases at 
least 50oyb of natural annulus will remain in the patient after prosthetic disc insertion; further, the posterior 
bony elements of the spine will also remain intact. This remaining tissue will increase the overall in situ torsional 
properties to a normal level (see below). 5 

Mechanical testing was also performed with the prosthesis implanted in the L4/L5 disc space of a functional 
spinal unit (two vertebral bodies with their common disc). A sample of the data in compression and torsion is 
shown in Figures 4 and 5. Each spinal unit was tested in both uniaxial compression and compression/torsion 
conditions in the intact state. The compression tests were performed in load control at a constant loading rate 
of 3 3N/sec The compression/torsion tests were conducted with the applied compression load held fixed at 10 
800N while the rate of angular deflection was set to .1 degree/sec. Then these tests were repeated after the 
intervertebral disc prosthesis was implanted. Each prosthesis had also been tested alone. 

EXAMPLE 3 IS 



In Vivo Analysis of Hydroxylapatite Coating 



Claims 



20 



Animal experiments have been performed to demonstrate the benefit of using a porous material such as 
hydroxylapatite particulate to coat the surface of the endplates to enhance fixation of the prosthesis to bone. 
Small cylinders of thermoplastic C-Flex® elastomer were manufactured and half were coated with 
hydroxylapatite in a manner similar to that of the disc prosthesis manufacturing process. These cylinders were 
implanted in the distal metaphyses of rabbit femora and examined at four and twelve weeks postoperatively. 25 
Five animals were utilized for each time period. Each rabbit received a coated sample in one femur while an 
uncoated sample was placed in the contralateral femur. Mechanical push-out tests were performed on four of 
the five animals in each time period and the remaining animal was used for histological examination. 

The results from the mechanical testing revealed significantly higher shear strengths of the hydroxylapatite 
coated cylinders at both four and twelve weeks, indicating enhanced fixation and attachment over that of the 30 
uncoated polymeric cylinders. While the uncoated samples showed no increase in shear stress with time, the 
coated samples continued to increase in strength from four to twelve weeks. By twelve weeks, the coated 
implants had shear strengths five times that of the uncoated implants. Histologically, the coated implants 
revealed good apposition of the coating to the polymeric surface with partial wicking evident around the lateral 
surfaces of the particles. The hydroxylapatite surface was in intimate contact with trabecular bone with no 35 
evidence of fibrous tissue. Bony ingrowth into the interstices of the particulate hydroxylapatite was also 
obversed The uncoated implants demonstrated a fibrous tissue layer between the polymeric matenal and 
bone with a longitudinal orientation fo the collagen bundles. No bony contact with the polymer was seen 

The disc spacer of the present invention thus provides a novel method of alleviating the pain and paralysis of 
a damaged or diseased spine which comprises surgically replacing the damged or diseased natural disc with 40 
one manufactured according to the present invention. Depending upon the patient's age and the position of 
the diseased or damaged disc, a physician will select a suitably sized replacement disc for insertion between 
the natural vertebrae. 

The invention resides in the provision of any one or any combination of the components and in particular tne 
use of any one or any combination of the components for use in alleviating pain and/or paralysis of a damaged 45 
or diseased disc. 
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1 . A biocompatible intervertebral spacer comprisfng: 

a central core of a soft biocompatible elastomeric material shaped and sized so as to approximate the 
shape and size of a nucleus pulposus of a natural intervertebral disc; 

an outer ring of stiffer elastomeric material surrounding said central core to approximate the size and 
shape of a natural annulus fibrosus; and 55 
endplates comprised of a suitably stiff biocompatible material and affixed, one to each end, to the outer 

ring central core. . 

2. A spacer according to Claim 1 wherein the central core contains 1-5 layers of a biocompatible 
elastomeric material of varying hardness. . 

3. A spacer according to Claim 1 or 2 wherein the outer ring surrounding said central core contains 1-5 60 
layers of a biocompatible elastomer of varying hardness. 

4. A spacer according to Claim 3 wherein the outer ring surrounding said central core contains 2-3 
layers of a biocompatible elastomer of varying hardness. 

5. A spacer according to any preceding claim wherein the biocompatible elastomer utilised is a 
thermoplastic polyurethane elastomer. 
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6. A spacer according to any preceding claim wherein the biocompatible elastomer utilised is the 
elastomer sold under the trade mark OFIex (Registered Trade Mark). 

7. A spacer according to any preceding claim wherein the endplates contain hydroxylapatite. 

8. A spacer according to any of claims 1 to 6 wherein the endplates are metal. 

9. A spacer according to claim 7 or 8 wherein the endplates have a porous metallic or polymeric 
sintered surface. 

10. A spacer according to any preceding claim wherein the endplates provide for a mechanical interlock 
with adjacent bones. 

11. A spacer according to any preceding claim wherein the endplates are fashioned for use with 
polymethylmethacrylate bone cement. 

1 2. A spacer according to any preceding claim sized so as to approximate the size of a natural disc. 

13. A spacer according to any preceding claim sized so as to approximate 30-800/ 0 of the size of a natural 
disc. 

14. A method for preparing a biocompatible intervertebral spacer, according to any preceding claim, 
wherein said method comprises: 

forming said central core by injection, transfer or compression molding; 

molding said outer ring around said central core, in a stepwise fashion, if more than one layer of elastomer 
is used; and 

applying said endplates to the molded core and outer ring assembly. 

15. A method according to Claim 14, wherein the endplates are applied to the core/outer ring assembly 
by molding the endplates directly onto the core/outer ring assembly. 

16. A method according to Claim 14, wherein the endplates are metal and are applied to the core/outer 
ring assembly using additional elastomer. 

17. A method according to Claim 14 wherein the endplates are additionally coated with a layer of 
hydroxylapatite or polymeric material. 

18. A spacer according to any of claims 1 to 16 for use in a method of alleviating the pain and/or paralysis 
of a damaged or diseased disc which comprises replacing all or part of the damaged or diseased disc with 
said spacer. 
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